ABSTRACT
Furthermore, OMVs can also have ecological functions, as they are necessary for survival in 71 particular environments (7). Additionally, in many pathogenic bacteria, OMVs have been 72 shown to act as vehicles for long-distance delivery of toxins and effector proteins to host cells.
73
For example, the main virulence factor in Vibrio cholerae, the cholera toxin, and colonization 74 promoting factors are associated with OMVs, which deliver it to intestinal epithelial cells of 75 the host (8, 9). Thereby, OMVs might be promising platforms to develop novel vaccines (10). CAI-1 led to QS activation and therefore luminescence production in the reporter strain 172 NL20, which expresses the CqsS receptor (Fig. 2B ). When this OMV-containing suspension 173 was then passed through a 0.22 µm PVDF filter, the resulting filtrate hardly contained CAI-1 174 to induce luminescence production (Fig. 2B) homogeneously by the OMV-containing 0.45 µm filtrate of MR17 and its supernatant (Fig. 3) . 196 These results indicate that OMVs contain sufficient amounts of CAI-1 to generate a 197 homogenous response in this reporter strain.
198
In addition, we fluorescently-stained the membrane of the CAI-1-containing OMV fraction 199 (0.45 µm filtrate) of MR17 and after thorough washing, we added these stained OMVs to the 200 reporter strain V. harveyi NL20 P luxC -mCherry, which reports CAI-1 dependent activation of 8 cultured in LM medium (Fig. 5A) . OMVs harvested at earlier or later time points or after 215 growth in AB medium were far less active (Fig. 5A) (Fig. 5B) . These results reveal that CAI-1 production coincides with OMV release. In parallel, 223 we did not find a stimulation of OMV production after external addition of CAI-1 (Fig. S4) . (5-fold lower) were indeed able to detectably activate QS-dependent luminescence reporter 232 activity in V. cholerae (Fig. 6 ). (Fig. 1) . Furthermore, CAI-1 was found to be associated with OMVs leading to 240 activation of the QS cascade in a CAI-1-non-producing strain (Fig. 2B) . These OMVs can 241 activate the QS cascade homogeneously in all CAI-1-non-producing cells (Fig. 3) . Thus, V.
242
harveyi OMVs can be used as a vehicle for trafficking of CAI-1 between cells (Fig. 3 and 4) . 243 Moreover, the amount of CAI-1 in OMVs was sufficient to saturate the corresponding QS-244 receptor (Fig. S3) , which results in a homogeneous QS-response in V. harveyi cells (36). CAI-1 associated with V. harveyi OMVs was found to be dependent on growth phase and 249 medium composition (Fig. 5) . V. harveyi released OMVs predominantly in rich medium and 250 at stationary phase (Fig. 5B) . Moreover, the CAI-1 content of V. harveyi OMVs varied as well, 251 and peaked at early stationary phase in rich medium (Fig. 5A) neighboring cells (Fig. 7) . In rich medium, external CAI-1 is first detected in stationary phase 273 (28), which coincides with the onset of OMV formation. OMVs produced by V. harveyi range 274 from 20 nm to 260 nm in diameter (Fig. 1) reporter activity in V. cholerae (Fig. 6) . Recently, it was shown that OMVs produced by P. (36). Media used for the strain NL20 were supplemented with 20 µg/ml gentamicin. 296 The plasmid pBAD-cqsA used to enable synthesis of CAI-1, and the control plasmid pCMW-297 1 (46), were introduced into the V. cholerae strain BH-1575 (cqsA luxS) by conjugation. 298 The resulting strains were additionally conjugated with the pBB1 plasmid, which carries the V. of OMVs (see Fig. 2A for an overview).
321
OMV-containing suspensions prepared for the V. cholerae reporter were treated similarly, 322 except that 150 µg/ml kanamycin and 15 µg/ml tetracycline were added instead of gentamicin. OMVs on the delivery of CAI-1 produced by V. harveyi, the reporter strain NL20 was used, 345 which expresses the cognate receptor for CAI-1 and therefore can recognize only CAI-1.
346
NL20 additionally caries a chromosomally integrated fusion between the luciferase promoter 347 (P luxC ) and mCherry (at the attTn7 site), which allows one to monitor QS activation at the 348 single-cell level in terms of luminescence production [RLU] as the QS ON phenotype (36). 349 The V. harveyi reporter strain NL20 was grown to an OD 600 of 0.5 in LM medium and then were calculated by assuming them to be spherical (s = π * d²). 
